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Introduction

Knowledge concerning Peyronie’s disease (PD) has increased over the past decades. 
Unfortunately, a curative treatment is not yet possible. PD patients in the near future will 
have to depend on expectative or non-curative symptomatic treatment.
We aim to discuss American and European guidelines and fill epidemiological, surgical, 
psychological, biological and genetic hiatuses. In the first part, we will discuss the disease, 
epidemiology, and historical aspects. We will then describe current perspectives on 
pathophysiology, pathogenesis and therapeutic options.

The disease and epidemiological aspects
PD is caused by changes in the tunica albuginea (TA), the connective tissue surrounding 
the corpora cavernosa in the penis. PD can cause painful erections, erectile dysfunction 
(ED), deformation, and shortening and curvature of the penis. (1) The so-called plaque, 
which is the fibrotic area in the TA, limits the expansion of the penis at the affected location, 
causing curvature, shortening, narrowing and/or hinging. The generally-accepted hypothesis 
is that PD is caused by a combination of microtrauma and a genetic predisposition to the 
disease. PD seems to appear most frequently in North-European Caucasians, less frequently 
in African-Americans and only sporadically in Asians. (2)

Demographic research shows a high prevalence (up to nine percent) of PD, especially in 
men older than fifty  years. (3, 4) Globally, the prevalence seems to be increasing. This is 
probably explained by the presence of oral medication for men with ED, who would not 
have become aware of the deformity without therapy. Furthermore, there has been a rise 
in media attention for male sexual disorders. Epidemiological research has also shown 
correlations between PD and cardiovascular disease, depression and relationship problems. 
(5-7) 

History
François Gigot de la Peyronie (1678-1747) first described the disease in 1743. (8) The French 
surgeon was born in Montpellier, where he studied philosophy and surgery. In 1695, he 
received his diploma as a surgeon and continued his training in Paris assisting Georges 
Mareschal, who was surgeon at the Hôpital de la Charité. After Mareschals death in 1736, 
de la Peyronie was promoted to first surgeon to King Louis XV of France. He reorganized 
the surgical degree and played an important part in introducing the law that led to the ban 
on barbers executing surgical procedures. De la Peyronie was the first to provide a clear 
description of induratio penis plastica (the German designation). Centuries before, PD had 
been described as an obstacle to marital bliss by sages such as Theodoricus Borgognoni 
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(1205-1298), Wilhelm of Salieto (1210-1276), Andreas Vesalius (1514-1564), Gabriele 
Falloppio (1523-1562), Julius Caesar Arantius (1530-1589), Nicolaas Tulp (1593-1674) and 
Frederik Ruysch (1638-1731). (9-11)

De la Peyronie believed PD was a sexually transmitted disease. He described plaques as 
painless ‘buds’, which were noticeable in the corpora cavernosa of older men either 
singularly or in a rosary-like formation. He also noticed that the curvature was always on 
the same side as the plaque. His remedy, among others, was to drink ‘holy’ water from the 
wells of Barège in the French Pyrenees. 

Other important men in the history of PD are George McClellan (first surgical plaque-
excision in 1828), Oswald Lowsley (plaque-excision with a fat-free graft in 1943), Reed 
Nesbit (procedure according to Nesbit for congenital penile curvature in 1965), John Pryor 
(the first to use the Nesbit-procedure in PD in 1979) and Tom Lue (plaque-incision with a 
venous graft in 1997).

Pathophysiology
PD leads to fibrotic areas in the TA and causes a decrease in elasticity. (12) The normal TA 
consists of collagenous tissue and elastic fibers arranged in two layers: a horizontal outer 
layer enabling extension during erection and a circular inner layer enabling increase in 
circumference. The TA is separated from the erectile tissue of the corpora cavernosa by 
mobile connective tissue with a sophisticated network of blood and lymphatic vessels. 
Venous drainage of the spongy erectile tissue occurs through oblique venules in the TA, 
emerging in the vena dorsalis profunda. Movements of the two layers of the TA close the 
venules during erection.

Pathogenesis
The most widely-accepted hypothesis is that the disease is caused by mechanic trauma of 
the TA during erection, followed by aberrant wound healing and scar tissue formation. In 
erection, the penis is filled with blood, and the TA and the septum between the corpora 
cavernosa stretch to the limit of their elasticity. This causes increase in length and 
circumference. The degree of elasticity is somewhat age dependent. When the penis meets 
resistance during sexual intercourse, the septal fibers can be subject to extreme tension 
causing small ruptures. This probably occurs more often in older men. They have a less 
elastic TA, which can cause the inner circular fibers to delaminate. (13) These ruptures 
cause hemorrhage and clots, fibrin depositions, fibroblast proliferation and increased 
vascular permeability. In addition, inflammatory cells are generated. An infiltrate of 
T-lymphocytes, macrophages and plasma cells arises, which surrounds the small vessels of 
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the subtunicale layer. This leads to fibrotic areas that will eventually form the plaque. The 
process can take six to eighteen months. Most patients describe an aching pain, ‘as if the 
penis is bruised’. The plaque can calcify or even ossify. (14-16)

Without any doubt, a genetic susceptibility plays a part in PD because the disease often 
coexists with other fibrotic diseases, such as Dupuytren’s disease (DD) and Ledderhose’s 
disease. In 2011, the coexistence of PD and DD was investigated. Twenty-two percent of 
PD patients appeared to suffer from DD as well. (17) Previous studies had mentioned  a 
coexistence of 0.1 to 58.8%, family occurrence of PD in 1 to 4% and of DD in 9.8%. (18-19) 
As with PD, DD is mostly seen in Caucasians. The disease is also known as Celtic disease. 
Some believe the prevalence of PD is even higher than that of DD because diseases of the 
external genitalia are often underreported.

A study in gene expression profiles of PD and DD patients has shown similar changes in 
genes responsible for collagen deposition, degradation, myofibroblast differentiation and 
ossification. (20) The way PD is inherited is unknown, but it seems to be heterogeneously. 
Autosomal dominance is often seen with variable penetrance. PD is rarely autosomal 
recessive or maternal, which suggests a mitochondrial inheritance. (21, 22) Dolmans et al. 
found significant correlation of PD with a single nucleotide polymorphism (SNP) rs 
4730775 on the wingless-type mouse mammary tumor virus (MMTV) integration site 
family (WNT) 2 locus on chromosome 7. (23) WNT2 belongs to this WNT-family, which 
consists of genes coding for glycoproteins. These have an extracellular signaling function. 
The canonical pathway is the best defined; it activates the nuclear function of betacatenin. 
This subsequently changes gene expression, which influences the proliferation of 
myofibroblasts. (24) Research has shown enhanced beta-catenine, the end product of the 
WNT-pathway, in cells of PD plaques. (25) Research has also suggested an overstimulated 
WNT-cascade in PD.

Molecular biological research into compounds with anti-fibrotic properties has shown 
promising results. Verteporfin is such a compound and inhibits fibrotic effects of 
myofibroblasts on a protein level. (26) 

Clinical and diagnostic aspects
PD can emerge at any point during adult life, with a median age of 53 years. It has a 
prevalence of three to nine percent of all adult men studied. (27) PD occurs in two phases: 
an inflammatory phase, lasting six to eighteen months, with painful erections and the 
development of plaques and deformation of the penis, followed by a chronic phase, 
characterized by ‘stable’ plaques that can calcify or ossify. The penis can also shorten and 
ED can occur. (28) After three months without changes, the disease is considered stable.
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Patients are often concerned about losing sexual function and frequently worry about the 
future. Some are even afraid the disease has malignant properties. The deformation can 
make sexual intercourse impossible or very painful. Difficulties during intercourse are not 
only the result of the degree of curvature, but also of the partner relationship. A single, 
sexually-active man with a severe curvature suffers more from the disease than a man in a 
stable relationship. No research has been done into differences between hetero- and 
homosexual men.

PD can cause stress in patients and their partners. It is important to involve partners when 
explaining PD.  Describing the situation in an objective manner at presentation is imperative, 
preferably by showing photographs taken from three perspectives. This can also be of great 
support in the follow-up period, especially when it comes to counseling about whether or 
not to undergo surgery. Photos of the erect penis from above show lateral deformation; 
photos from the sides show dorsal or ventral curvature; and frontal photos show possible 
rotation. A PDE-5 inhibitor or intracavernous injections with vasodilators (papaverine/
phentolamine) can be used to treat coexisting ED. The exact angle of the curvature can be 
measured with a goniometer. 

Physical examination has to be thorough. The glans penis must be held with between the 
thumb and index finger of the non-dominant hand to stretch the penis carefully and 
determine the remaining elasticity. The loss of elasticity indicates fibrosis. The length of the 
stretched penis is measured with a ruler from glans to the base of the penis. It is important 
to ensure this is objective because, in many cases, shortening occurs before any surgical 
intervention. The plaque is palpated with the dominant hand between thumb and index 
finger. It sometimes concerns minimal changes. Dorsal plaques are most common and can 
be easily distinguished from ventral plaques, which occur in less than five percent of PD 
patients. (1) Laterally-located plaques can cause severe coital problems. Deep penetration 
can lead to especially severe pain in partners, but the introduction can also be painful. 
Plaques circumventing the shaft can result in an hourglass deformity. The location of the 
plaque has to be noted, but this requires experience. A plaque size estimate by the hand of 
an inexperienced physician is unreliable. Indications of DD and Ledderhose’s disease also 
have to be examined. The Peyronie Disease Questionnaire (PDQ) can serve as guidance 
for anamnesis; further, physical examination is an important tool to render findings 
objective in case they are used in research. (29) 

Thorough additional examination in the acute phase of the disease is rarely necessary. 
However, the diagnostic purpose of a duplex ultrasound is accepted by experts. Typical 
findings are a thickened TA, calcifications and septal fibrosis. In patients with coexisting 
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ED, arterial and veno-occlusive dysfunction can be determined. This makes it important 
to combine the duplex ultrasound with an erection test, induced by phentolamine/
papaverine or alprostadil injections. Magnetic resonance imaging (MRI) can take detailed 
pictures of plaques, but it is time-consuming, expensive and should be reserved for difficult 
cases, such as hourglass deformities. 

Patients and partners should be aware that in approximately three to thirteen percent of 
patients, spontaneous remission occurs. (30) Since PD often coexists with diabetes and 
androgendeficiency, determining serum glucose, glycated hemoglobin (HbA1C), total 
testosterone, free testosterone and luteinizing hormone (LH) is recommended. (27)

Therapy
Currently, there is no consensus on an optimal treatment strategy. (1, 9, 19, 31) Even though 
pain reduces in most patients over the course of weeks or months, deformity is a much 
more manifest state. 

Nonsurgical therapy
Only Collagenase Clostridium Histolyticum (CCH) is a registered pharmaceutical for the 
treatment of PD. Other oral drugs (pentoxyphylline and potassiumpara-aminobonzoate 
(PABA)); intralesional injections (verapamil, interferon, vitamin E and corticosteroids); as 
well as transcutaneous iontophoresis with verapamil and dexamethasone are described. 
These treatments are successful in some patients, but cannot be recommended according 
to European guidelines. (19)
CCH was the first treatment for PD approved and registered by the Food and Drug 
Administration (FDA) and European authorities, albeit with certain restrictions.

Treatment with oral steroids, vitamin E and tamoxifen should be avoided whatsoever. Low-
intensity shockwave treatment can be used to diminish pain, and traction devices can be 
used to counteract deformity and penile length. However, it can be painful and the 
effectiveness strongly depends on compliance. Radiotherapy has been empirically used 
with variable results and may be effective in the treatment of pain in the acute phase of the 
disease. (32) According to the European Society for Sexual Medicine (ESSM), there is no 
scientific proof for radiotherapy, but it increases the risk of local complications and should 
be considered obsolete. (27) 

The results of nonsurgical therapy are difficult to interpret given the variety in study design, 
population, treatment period and dosage schemes. (27) A major limitation of comparing 
studies is the use of different end points. Reducing deformity of the erect penis (curvature, 
hinging, shortening) are the most common end points. A threefold study design (treatment 
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vs. placebo vs. no treatment) over a period of at least eighteen months is preferred. (33) In 
practice, however, this is very difficult to organize. 

Collagenase clostridium histolyticum (CCH)
The fibrotic plaque consists of three types of collagen. CCH is a mix of two enzymes that 
block collagen types I and III, which are found in bones, scar tissue, connective tissue and 
plaques. CCH binds and unwinds or stretches the triple collagen helix and denaturizes 
protein compounds. (34) CCH in theory does not affect collagen type IV, which is mainly 
found in blood vessels and nerves. In-vitro and in-vivo research shows CCH to affect 
collagen type IV, which can explain the increase in pain and hematoma after CCH-injections 
compared to phentolamine/papaverine or alprostadil.

In 2013, results of the Investigation for Maximal Peyronie’s Reduction Efficacy and Safety 
Studies (IMPRESS) I and II were published. In these two identical, prospective, multicenter, 
randomized, double-blind, placebo-controlled, phase-III studies, 832 patients were 
included. The patients underwent four series of two injections, with six weeks between the 
series, and 24 to 72 hours between both injections per series. Patients were told to bend 
the plaque and stretch the penis three times a day. They were advised to straighten the penis 
during erection. The CCH-group showed a 34% improvement compared to 18% in the 
placebo group. (35) 

Interestingly, the reduction in curvature led to an improvement in sexual satisfaction in 
70% of all female partners. (36) Fifty-seven percent stated that their relationship had 
improved. A possible, but somewhat farfetched, explanation is that the plaque did not 
optically differ, but had become softer, thus causing the erect penis to be more flexible and 
less painful during intercourse. 

Practical disadvantages of the original American treatment schedule are the number of 
injections (eight), high costs and difficult logistics. A trial in the United Kingdom combines 
three monthly injections with a traction device used twice a day for three months. 
Provisional results show no differences from the original schedule, but it does have financial 
and logistic advantages. (37) Disadvantages are needing to buy a traction device and the 
dependence on compliance. Unfortunately CCH was recently removed from the Asian, 
Australian and European markets for reasons that seem to have nothng to do with safety 
or efficacy.

Surgical therapy
The goal of surgery is to correct curvature and reduce coital problems. Surgery can only be 
considered in the stable phase and when severe difficulties with intercourse occur. Specific 
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complications that have to be mentioned during counseling are the risk of ED, sensibility 
loss of the glans penis by neuropraxie of the dorsal nerve bundle, recurrence after surgery, 
palpable or painful knots under the skin, and further shortening of the penis. It is advised 
to determine penile length preoperatively, so patients realize shortening is also a result of 
the disease. (38) Having obtained informed consent, filing pre-, peri- and postoperative 
lengths is recommended. 

Nesbit-procedure and other shortening techniques.
In 1965, Reed Nesbit was the first to report the excision of ellipses from the TA to treat 
patients with a congenital curvature. (39) Fourteen years later, the same technique was used 
in PD (Figure 1). (40) A penis with sufficient length is suitable for the Nesbit-procedure or 
another shortening technique, such as the Essed-Schröder (Figure 2), Yachia, Luc or the 
sixteen-dots cavernoplication according to Gholami (Figure 3). (41)

Figure 1.
Procedure according to Nesbit. 
Top-left: the degloved penis 
after circumcision. Top-right: 
artifi cially in erection with a 
marked ellipse in the TA. 
Bottom-left: the earlier marked 
ellipse after excision, after which 
the defect is sutured. Bottom-
right: the eventually straight 
and circumcised erect penis. 
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The advantages of these procedures include the short operation time, the simplicity, the 
limited effect on hemodynamics of the erection and - most importantly - the effective 
straightening of the penis. Disadvantages include shortening, and the fact that they cannot 
correct hourglass and other complex deformities (rotation). In addition, sutures can rupture 
and lead to a recurrence of curvatures. The Nesbit-procedure and other shortening 
techniques should only be considered in patients with a penile length of at least 12 
centimeters, measured on the convex side. In our experience, sexual intercourse otherwise 
becomes impossible because of the further loss of length.

Figure 2. Cavernoplication according to Essed-Schröder.

Figure 3. 16-dots-cavernoplication according to Gholami.
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Plaque incision or excision and grafting (PIEG)
Patients with a severe curvature, calcification, hourglass and a short penis should be 
considered for a non-shortening procedure, such as PIEG (Figure 4). These procedures do 
not extend the penis. A major disadvantage is the loss of glandular sensibility caused by 
mobilizing the neurovascular bundle. This is often temporary.

Iatrogenic ED can be caused by an inflammatory reaction and fibrosis under the graft, thus 
damaging the smooth muscle tissue of the corpora and/or resulting in venous leakage. 
These techniques can be used in patients with pre-existing reduced erectile rigidity. 
However, they need to be prepared to use intracavernous injections with phentolamine/
papaverine postoperatively, or - in the worst-case scenario - undergo a second procedure 
to implant a penile prosthesis.

Figure 4.
PIEG (bovine pericard). Top 
left: the degloved penis after  
circumcision in artificial erec-
tion. Top right: the defect in the 
TA after plaque incision. The 
neurovascular bundle is isolated 
by a yellow string.
Bottom left: the covered defect 
with a bovine pericard graft. 
Bottom right: the eventually 
straight and circumcised erect 
penis. 
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The most commonly-used autologous grafts are the vena saphena, skin, buccal mucosa, 
fascia of the m. rectus abdominus and fascia lata. Pericard of human and bovine cadavers, 
small bowel mucosa of pigs and fascia lata of cadavers are extracellular matrix graft materials 
that are used regularly. Synthetic grafts containing human fibrinogen and trombine or 
polytetrafluoro-ethylene are other possibilities. (42) The search for the ideal graft is far from 
over. Important criteria are availability, flexibility, infection insensitiveness and cost-
effectiveness. The incentives for PIEG and CCH do not meet all these criteria. A substantial 
proportion of patients who have chosen PIEG regret their choice afterwards. It is 
recommended to discuss CCH as an alternative. An accepted treatment regimen is to 
perform monthly injections for three months combined with the use of a traction device 
twice a day. It is hoped that, in this way, PIEG can be averted or deferred.

Expectations and psychological aspects
PD can affect self-assurance, and counseling – preferably in multiple sessions – is important. 
(44) Many men have unrealistic expectations of treatment results. Patients and partners 
have to realize that the surgical goal is to functionally straighten the penis (within ten to 
twenty degrees of deviation) and that further shortening is linked with a procedure 
according to Nesbit or other shortening procedures.

Research has shown that PD can result in severe psychological problems. Depression and 
relationship issues are most common. (45) It is recommended to explore complaints, such 
as stress and depression, during the first outpatient clinic visit, whether or not with validated 
questionnaires. The course of psychological complaints and possible effects on the patient’s 
partner and relationship also deserve attention. In this aspect, homosexual men with PD 
are a special group and are difficult to categorize within current guidelines, which mostly 
relate to heterosexual men.

Concluding remarks

PD is a well-defined disorder. An increase in knowledge of genetics and molecular biology 
should improve therapeutic options. Adequate counseling and psychological support are 
a necessity in patients with PD.
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